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We, Skinner Precision Industries, Inc., 
a oorporation organised under the kws of die 
State of Connecticut, United States of 
America, of New Britain, Connecticut 

5 United States of America, do hereby declane 
the invention, for whi<ii we pt&y that a 
patent may be granted to us, and the method 
by which it is to be performed, to be parti- 
cukrly described in and by the following 

10 statement : — 

This invention generally relates to fluid 
flow control valves and is particularly dir«:ted 
to the provision of an improved magnetically 
operated valve, 

15 A valve according to the present invendcm 
ciampiises a body having a flow passageway, 
inlet and outlet ports opening into said pas- 
sageway, a valve member in said passage- 
vray movable from a first position at one aid 

20 of said passageway, closing oommunicatifm 
bctweai said ports, to a second position at 
an opposite end of said passageway, establish* 
ing communication between said ports, means 
forming a first magnetic flux path having a 

25 portion thereof ectcnding between said first 
and second positions of said valve member 
and including said valve member, means 
forming a second magnetic flux path and 
including a member formed of magnetic 

30 materiaL extending transversely to said .first 
magnetic flux path at a location initermediaie 
said first and second positions of said valve 
member, a permanent ncagnet positioned in 
said first magnetic flux path and producmg 

35 a first magnetic flux therein urging said valve 
member toward one cf said first and second 
positions, and second magnet means for selec- 
tively producing a second magnetic flux in 
said second magnetic flux path in opposition 

40 to said first magnetic flux for shifting said 
valve member to the other of said first and 
second positions. 

The mvention is illustrated in the accom- 
panying drawings in wbidi : — » 



Figure 1 is a cros»-secticoal elevational 45 
view of a valve; 

Fig. 2 is a fragmental cross-sectionai view 
taken generally along lines 2 — 2 of Fig. 1; 

Fig. 3 is a schematic view of an actuating 
circuit for the valve of Fig. 1; ^ 50 

Fig. 4 is a cross-sectional elevational view 
of modification of the valve of Fig. 1; 

Fig. 5 is a cross-sectional elevational view 
of another modification of the vsiivo of Fig. 
15 55 

Fig. 6 is a diagrammatic view of the valve 
illustrating a magnetic flux arrangement em- 
ployed for holding the valve member in ks 
flow-controlling positions; 

Fig. 7 is a djagratomatic view similar to 60 
Fig. 6 but illustrating the magnetic flux 
arrangement employed for shifting the valve 
into one of its flow-contiolling positions; 

Fig. 8 is a view similar to Fig. 7 btrt show- 
ing the flux artangemeot for shifting the 65 
vaSve into the opposite flow-controHing posi- 
tion; 

Fig. 9 is a cross-sectional elevational view 
of another modification of the valve of Fig 1 ; 

Fig. 10 is a cross-sectional elevational view 70 
of another embodiment; 

Fig. 11 is a plan view of a valve represent- 
ing still another embodimatt; 

Fig. 12 is a cross-sectional view taken 
generally along lin^ 12 — -12 of Fig. 11; 75 

Fig, 13 is a schematic view of an S-temative 
actuating circuit for the valve; 

Fig. 14 is a cross-sectioiial elevational view 
of a valve representing still another embodi- 
ment; 80 

Fig. 15 is a cross-sectional view taken 
generally along lines 15 — 15 of Fig. 14; and 
Fig. 16 is a cross-secdonal view taken 
generally along Knes 16 — 16 of Fig. 15. 

Referring to the drawings in detail. Fig. 1 85 
shows a valve including a body, generally 
designated 2, formed from a suitable non- 
magnetic material and having a flow passage 
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4 exteading therethrough. In the opposite 
ends af the flow passage 4 there are seciared 
screw pings 6 and 8 formed from a suitaWc 
magnetic material. The porting in the valve 
5 of Fig, 1 is shown for illustrative purposes 
only and includes first ^d second passages 
7 and 9 provided in the screw plugs 6 and 8 
and opening into the flow passage 4 and a 
third passage 10 provided in the body 2 in 

10 communication with the flow passage 4 inter- 
mediate the ends thereof. 

Flow between the passages 7, 9 and 10 is 
controlled by a valve plunger, .generally 
designated 12, slidably receiv^ in the florw 

15 passage 4 for movement between two positions 
at the opposite ends diexeof as determined 
by the screw plu^ 6 and 8. In one positi<xi 
(sbofwn in Fig. 1) of die valve plunger 12, 
commimica'don between the passages ? and 10 
is established whQe the i)assage 7 is dosed 
and in 4Aie opposite position of the valve 
plunger 12, conamtmication betweai the pas- 
sages 7 and 10 is established while passage 
9 is closed; the inner faces of the screw 

^5 pltigs 6 and 8 being provided with scats 13 
for the valve plunger 12, m the illustrated 
embodiment. The valve j^unger 12 is actuated 
• into these opposite flow-controUing positions 
and is releasably held therein solely by mag- 

^ netic forces* 

The valve plunger 12 is provided wii±i a 
permanent magnet core or centre piece 14 
formed from any suitable material sudi as 
"Alnico VTH'* and having a uaiform cross 
section shown as circular in Fig, 2, In 
the preferred embodiment, on the opposite 
ends of the core 14 there is feed, such as by 
bra:rfngj a pair of identical pole pieces 16 
formed from a suitable magnetic material. The 

40 pole pieces 16 are dimensioned to slidably 
engage the walls of die flow passage 4 to 
thereby guide l3ic plunger '12 and further to 
«cat against the inner faces of the screw 
plugs 6 and 8 to thereby dose the passages 

^ 7 and 9. Longitudinal grooves 17 ate 
provided in die periphery of the pole 
pfeces so as to convey fluid between 
passages 7, 9 and 10. Additionally, 
for improved sealing results, elastomeric seal 
inserts 18 may be provided in the pole pieces 
16 so as to be co-operable with the seats 13 
on tiie screw plugs 6, 8, . 

In accordance witb another aspect of the 
present invention, there is provided an electro- 

55 magnet 20 including a core 21 of E-shaped 
cross-section mounted on the body 2 to one 
side of ^e flow passage 4 with -dbe legs 22, 
23 and 24 of the core 21 extending generally 
normal to the axis of the flow passage 4; the 

60 outer legs 22, 23 straddling the ends of the 
body 2 while contacting the plugs 6, 8; and 
the central leg 24 extending into tire body 
2 midway between the plugs 6, 8 and termin- 
ating adjacent the pole pieces 16 of the valve 

65 plunger 12* 



In the illustrated erabodimentj the dcctro- 
magnetic core 21 is formed by a yoke piece 
of suitable magnetic material which provides 
the outer legs 22^ 23 ; and a steel screw which 
provides the central leg 24 while also serving 70 
to secure the electromagnet 20 to the body 
2. The electromagnet 20 further indudes a 
wire or coil 26 wound on the central leg 24 
of the core above the valve body 2 where 
it is isolated and may be convcm'ently removed 75 
and replaced. The O-ring seals 28 are pre- 
ferably provided around the plugs 6, 8 so as to 
prevent leakage as well as to seal the coil 
26 from the flow media. 

An enclosure cap may be provided to cover 80 
the electromagnet and rirferring to Fig. 4, a 
commerdal embodiment of the invention is 
illu^rated wherdn the outer legs 35 of the 
core of the electromagnet are provided by the 
side walls of a cylindrical endosure cap 37 85 
thus eliminating the need for a separate yoke 
piece for the electro-magnetic core;, as in the 
above-described embodiment. In the valve 
of Fig. 4 the outer core legs 35 arc coimccted 
to the plugs 47 to thereby provide a low 90 
reluctance magnetic flux path by means of an 
apertured base plate 57 which is formed of 
magnetic material and is rccdved on the valve 
body around an external flange 58. The 
base plate 57 has depending from its ends, 95 
a pair of ears 59 which are received in grooves 
65 provided in the plu.ss 47 to thereby estab- 
lish contact with the plugs 47 as well as to 
hr^d the same in position in the valve body. 
The encIos\u*e cap 37 is secured to the valve 100 
body cn the base plate 57 by a threaded stud 
95 and a co-operable nut 96, the screw 95 
further providing the central leg of tibc elec- 
tromagnet core. 

Referring to Fig- 6 in conjuncdon with die 105 
valve of Fig. 1, it will be seen that <3ie 
permanent magnet 14 produces a flux 29 that 
extends along the pal& from the ncHth pole 
of the permanent magnet to the screw plug 6 
Itoough the outer care leg 22 and bade to 110 
the south pole of the permanent magnet 
through the central core lest 24 as wdi as 
through Ae outer core 23 and screw 
plug 8. The flux 29 of the permanent magnet 
additionally extends from the north pole 115 
directly to the central core leg 24 and then 
directly back to the south pole of the per- 
manent magnet. Since the total of the gaps 
W and Y is Jess dian that of gaps X and Z, 
the flux densities and thus the attractive forces 120 
across gaps W and Y will be greater than 
that across gaps X and Z. The result will 
be that the valve plunger 12 will be held 
against the screw plug 6 under the attractive 
forces across gaps "W and Y. 125 

When it is desired to shift the valve plunger 
12 to the opposite flow-controlling position, 
the electro-magent is pulse-energized with a 
proper polarity so as to induce a flux 31 
(see Fig. 7) that vnti rehtforce the permanent 130 
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mzgntt flux 29 acrass gaps X and Z while 
opposing the permanent magnet flux 29 
across gaps W and Y as denoted by the arrcyws 
in Fig. 7. The result will be that the valve 
plunger 12 will shift to the right (as viewed 
in the drawings) into the opposite flow-con- 
trolling position ance the density and there- 
fore the attractive forces across gaps X and 
2 win be greater than those across gaps 
W and Y. 

In order to maintain the valve plunger 
12 in the right-hand flow-controlling posi- 
tion, it is unnecessary to maintain the electro- 
magaet energized since the flux of the per- 
manent magn^ across gaps X and Z will 
become effective to hold the valve plmger 
12 against the screw plug 8 upon de-ener- 
gization of the dcctromagnet. 

Referring to Fig. in order to shift the 
valve ghmger back to the left-hand flow-con- 
trolling position the electromagnet is ptdse- 
encrgized with a polarity opposite «o that des- 
cribed above. As illustra^d by the arrows 
in Fig. 8, this will induce a flxix 33 diat will 
reinforce the permanent magnet flux 29 
across gaps W and Y while opposing the 
flux 29 across gaps X and Z and thus the 
valve plunger 12 will shift to the left-hand 
flow-controUing position against die screw 
plug 6 under the attractive fc«:ces across gaps 
W and Y. This slrifdng of the valve plimgcr 
12, as well as that described above, is not 
only caused by die net attractive forces pro- 
duced by the com1»ned flux of the permanent 
magnet and the dectromagnet, but is addi- 
tionally caused by repulsion forces which arc 
produced by the ittteracticm between the flux 
of the permanent magnet and the clectiD- 
magnet. 

Referring to Fig, 3, there is shown an 
illustrative electrical circuit 30 for the electro- 
magnet 20, the circuit 30 including a battery 
source 32, a capacitor 34 in series with the 
c»il 26 o«f the electromagnet 20 and a double 
throw switch 36. The capacitor 34? as in- 
cluded in the circuit 30, provides a simple 
and efficient method for reversing the ener- 
gizing current of coil 26 as well as limiting 
the energizing current to an impulse suflBLcient 
for shiftang the valve plunger 12. 

The electrical actuating circuit with its 
components may be conv^piently provided as 
a compact power pack, such as iliustratcd 
in the modification of the valve shown in 
Fig. 5» wherein two batteries 32 ^only one 
shown'i and three capacitors 34 (only two 
shown) are utilized. In the valve of Fig. 5, 
the batteries 32 and capacitors 34 arc held 
in place in an endosure cap 39 by means of a 
recessed holder 73. The holder 73 is mounted 
on the electromagnet 99 by a screw 98 ex- 
tending through the cap 39 and received in 
the central leg 97 of the electromagnet core; 
the screw 98 also providing a portion of the 
central leg of tie electromagnet oocre. As 



in the modification of Fig. 4, the outer legs 
of the electromagnet core in the modiflcation 
of Fig. 5, are provided by the enclosure cap 
39. 

Other actuating circuits may be employed 70 
and referring to Fig. 13, an alternative circuit 
110 is illustratively shown as including an 
a.c. power source 112 and a pair of opposed 
parallel rectifiers 114 and 115 arranged to be 
selectively connected in^to the circuit by a 75 
double dbrow switch 116 to thereby obtain 
the desired current direction through the 
electromagnet coil 26 for sh^ting the valve 
plunger. The valve of the present inventicax 
as so utilized with a.c. power source, elamin- 80 
atcs the need for **shadmg** devices typically 
required in similariy powered conventicmal 
solenoid valves. 

Thus it will be apparent that the valve 
construction <rf the present invention provides 85 
for efficient actuation erf the valve plunger 
with a minimtma of power since a low reluo- 
tance flux path is provided particularly by 
the close positioning between the pole pieces 
16 and the central leg 24 of the electromagnet 90 
20 together with the high permeability of 
the pole pieces 16. Moreover, die reluc- 
tance of the electromagnet circuit is sub- 
stantially constant regarSess of the position 
of the valve plunger 12, primarily because the 95 
total of the gaps W, X, Y and Z (See Figs. 
6—^) is constant for any posxtioo. of the 
valve plunger. AdditiMally, the in-tetposi- 
(don of the pole pieces 16 not only sexvcs to 
protect the permanent magnet 14 fifcan de- XOO 
magnetizing flelds bat furthex pr(Mdes for 
a greater axial componem of driving force 
to be exerted on the valve plunger 12 for 
shifting tibe same Thus, witti ibesc features 
the present invention not only provides an 105 
extremely low power requirement for actua- 
tion, but further provides a smooth and quick 
acting balanced valve pSunger that will seat 
with a minimum cf impact but wiU neverthe- 
less be fiimly held in either of its flow con- 110 
trolling positions. 

Referring to Fig. 9, the modified valve 
shown therein is generally the samo as that 
of Fig. 1 except that the central leg 40 of 
the electromagnet core 42 esfctends across the 115 
valve plunger 44 and is apertured at 46 so 
as to accommodate the valve plunger 44. This 
positioning of the portions 48 of the central 
electromagnet core leg 40 closer to the pole 
pieces 45 of the valve plimger 44 and to 120 
extend aroimd the valve pltmger 44, not only 
increases the axial component of force for 
shifting the valve plunger 44 but further 
minimizes side or radially directed forces on 
the plunger 44 by distributing the central leg 125 
flux completely around the periphery of tl^ 
valve olunger 44. 

In the modification of Fig. 9 the electro- 
magnet core 42 is mounted to the valve body 
50 through means of the outer core legs 130 
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41 and the screw plugs 52^ 54 which ex- 
tend through apertures 43 in the outer core 
legs 41 to clamp the same against the ends of 
the valve body 50. 
5 Additionally, the valve of Fig. 9 illustrates 
another porting arrangement including inlet 
and outlet passage 53, 55 which are inter- 
communicated when the valve plunger 44 is 
in the right-hand position (shown in Fig. 
10 9) and closed from each other when the valve 
{hunger 44 is in 'die opposite left*hand posi- 
tion. This flow-contzol arrangement is 
dfected by providing the ri^t-band pole 
piece 45 of the valve plunger 44 widi a groove 

15 56 that will be in registry with die passage 
55 when the valve plmiger 44 is in the pod-- 
tion shown in Fig. 9 to thereby establish 
communication between die passages 53 and 
55. Of course when the valve plunger 44 

20 Is In idle left-hand position the passage 53 
v/ill be closed by the pole piece 45* 

Another embodiment of the inventicm is 
shown in Fig. 10 which differs from that of 
Fig. 1 in that die valve plunger 60 is formed 

25 from magnedc material and permanent mag- 
nets 62 are externally provided in the outer 
legs 64 of the electromagnetic core 63. 

Wkh the embodiment of Fig. 10 the same 
end results are obtained in that when the 

30 electromagnet 61 is de-energized the flux of 
the permanent magnets 62 will become effec- 
tive to hold the valve plunger 60 against one 
of the screw plugs 66, 67. When it is 
desired to shift the valve plimger 60 to the 

35 

opposite position the deotromagnet coil 68 
is energized by an electrical impulse of proper 
polarity thereby inducing a second magnetic 
flux which will interact with the permanent 
magnetic flux to prodnce a net force of 

40 attraction that will shift the valve plunger 60 
to the opposite position as limited by one 
of the plugs 66, 67. Of conisc when it is 
desired to ^Wft the vsdve plunger 60 back 
to the initial position, the coil 68 is ener- 

45 gized witli ah oppositdb^ direct^ current im- 
pulse* 

It will be seen tliat in the embodiment 
of Fig. 10 the stationary positioning of the 
permanent magnets 62 out of the flow pas- 

50 sage 69 and sealed ofi diercfrom protects the 
permanent magnets 62 from demagnetization 
as may be caused by impact or the harmful 
effect of certain flow media while at the 
same time providing convenient access to the 

55 permanent magnets 62 for removal and re- 
placement- Additionally, this external place- 
ment of the permanent magnets 62 permits 
them to be erf a greater size and therefore 
strength and to be employed substantially 

60 as cast. 

The present invention may also be advan- 
tageously applied to provide an improved bi- 
stable valve that may be actuated manually 
with little cflort and vsdthout the problems 

65 attendant to conventional mechanical actu- 



ators. Referring to Figs. 11 and 12, anodicr 
such embodiment of the invention is shown 
which differs from that of Fig. 1 in that it 
includes a manually operable permanent mag- 
net 70 for shifting the valve plunger 72 70 
to its opposite flow-controlling positions. The 
permanent magnet 70 which is shown as 
circular and having a central mounting aper- 
ture 71j is mounted for rotation on the valve 
body 74, externally diereof midway between 75 
the screw plugs 76, 77. 

In the specific embodiment of Figs. 11 and 
12 the mounting of the permanent magnet 70 
is effected through means of a stud 78 fixed 
into the body 74 midway between the plugs 80 
76, 77 ajid adjacent the valve plunger 72, the 
stud being formed from magnetic material 
so as to provide a path of low rrfuctance 
for the flux of the permanent magnet 70. 
The stud 78 has an intermediate cylindrical 85 
portion 80 received through the mounting 
aperture 71 of the permanent magnet 70 
and further, an u|^per flange 82 providing a 
stop preventing removal of the permanent 
magnet 70 from the stud 78. 90 

In the instant embodiment the valve plunger 
72 is held by magnetic attraction and re- 
pulsion in eitiisr of its two fiow-controUing 
positions against one of the plugs 76, 77, 
depending on the angular position of the 95 
external permanent magnet 70* When it is 
desired to. shift liac valve plunger 72, say to 
the right as shown in Fig. 12, the external 
permanent magnet 70 is rotated 90'' in either 
tiie clockwise or counter-clockwise direction 100 
so as to reverse the polarity effect of its mag- 
netic flux and this, ti^edier with the flux 
of the internal permanent magnet 86, will 
be effective to produce net attractive and 
repulsive forces that will move the valve 105 
plunger ^ 72 to tiie right-hand position (as 
viewed in Kg* 12) and niaintain ir therein. 

In order to insure that the external per- 
manent magnet 70 will be maintained in its 
selected positions, a magnetic detent is pro- IIC 
vided by four latch members $0, 92 formed 
from magnetic material and scngularly spaced 
90''C from each other around the periphery 
of the permanent magnet 70 as shown in Fig. 
11. 115 

In the specific embodiment, the magnetic 
latch members 90 are separately formed eadh 
with a stej^d shape and are respectively 
secured to the opposite ends of the valve body 
74 by the plugs 76> 77 portions of which 120 
extend through an aperture in the base 91 
of the latdi members 90* The other mag- 
netic latch members 92 in the specific em- 
bodiment are formed by one generally U- 
shaped piece 93 secured to the top of the 125 
body 74 through means of the stud 78 which 
extends through an aperture in die latch 
member 93. A washer 94 formed of non- 
magnetic material is interposed oa the stud 
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78 between the permancivt magnet 70 and the 
latch member 93 as best shown in Fig. 12. 

Thus, when the external permanent magnet 
70 is moved to a position for shifting the 
5 valve 72, a magnetic force of attraction be- 
tween the poles of the external permanent 
magnet 70 and the latch rnembers 90, 92 
will be effective to maintain the external 
magnet 70 in the selected, positiwi against 
10 inadvertent movement. A suitable indicator 
(not shown) may be provided on the top sur- 
face of the permanent magnet 70 so as to 
fecilitaie the setting thereof for siufdng the 
valve plimgea: 72 irtto the desired flow ccm- 
15 trolling position. 

The present invention may easily be in- 
corporated with great advantage into multi- 
way valve imits of the tyx>c that include 
a plurality of separate valve members. In 
20 tiJs regard Figs, 14, 15 and 16 show a 
four-way valve representing another embodi- 
ment of the present invention basically simi- 
lar to the embodiment in Fig. 1 exce|>t that 
two flow passages 120, 121 are provided in 
25 the valve body 119 in ade-by-sidc rdaticm- 
ship with each passage havmg e separate 
valve plimger 124 and 1253 respectively. In 
the shown embodiment the valve plunger 124 
is adapted to control flow between the three 
^ ports 126, 127 and 128 opening into the 
passage 120 while the other plunger 125 is 
adapted to control flow between ports 
129, 130 and 131 opening into tfee otlier 
passage 121. 
35 Other port and passage arrangement may 
be employed such as that included in a four- 
way reversing valve for example. As shown 
in Figs. 14 — 16, all porting is adapted to be 
form«i in the valve body, and vsuaations 
^ such as normally open and normallly dosed 
operations can be achieved by proper 
assembly of the armatures with respect to 
their polarity; thus, the armatures may provide 
simultaneous sealing of tiie orifices at eithea: 
45 end of the valve or ahematively, i>espectivcly 
seal the orifices at opposite ends of the valve. 
Convenient access to the valve plungers 124> 
125 for reversing their posMoa to provide 
a desired valving fxmodon or for zepair and 
50 replacement pinrposes is provided by the 
magnetic plugs 134, 135 vmich are remov- 
ably held in the opposite ends of the flow 
passages 120, 121 by the outer legs 140, 141 
of the electromagnet 136. 
53 The electromagnet 136 as in the above- 
described embodiment of Fig. 1, includes an 
E-shapcd core 137 and a single coil 138 
located aroimd the central Leg 139 of tihe core 
137; the central leg 139 being provided by 
60 a screw in the spedfic embodiment. How- 
ever, the central core leg 139 in -die embodi- 
ment of Figs. 14 — 16 is positioned midway 
between the flow passages 120 and 121^ as 
shown in Fig- 14. 
65 Thus, it will be readily appredated that 



the present invention, as illiistrated in the 
embodiment of Figs. 14 — 16, provides a com- 
pact multivvay valve unit of increased versa- 
tility and performance requiring otdy a mini- 
mum of operating power despite the plurality 70 
of valve members which arc employed. 

From the foregoing it will be seen that 
the present invention provides an improved 
valve construction for magnetically operated 
valves wherein all the porting is conveiMently 75 
located in the valve body so as to be effec- 
tively isolated from the actuator compoaexjtSj 
particularly the electromagnet coU in the 
solenoid valve embodiments. Use present 
invention also provides this featme in a 80 
valve of extremely compact constructioa in- 
duding a minimum of parts that may be 
economically manufactured and quickly and 
easily assembled. It will additionally be 
seen that the present invention provides a 85 
solenoid valve requiring an extremdy low 
energy input for the actuation thereof whidh 
may be effected through means of a single 
coD while at the same lime providing a 
smoothly operable and uxsattadied vidve 90 
member whidi will be automatically held in 
its flow controlling positions dc-encr- 
giz^on of the solenoid. 

WHAT WE CLAIM IS: — 

1. A valve comprising a body having a 95 
flow passageway and inlet and oudet p09ts 
opening Into said passageway^ a valve mexn^ier 

in said passageway movable from a first posi* 
tion at one end of said passageway, closing 
communication between said ports, to a second 100 
position at an opposite end of said passage- 
way, establishing commimication between said 
ports, means, forming a first magnetic flux 
path, having a portion thereof extending be- 
tween said first and second positions of said 105 
valve member and induding siaid valve mem- 
ber, means forming a second magimic flux 
paith and induding a member I onned of 
magnetic material extending transversdy tio 
said first magnetic flux path at a location 110 
intermediate said first and second portions 
of said valve menlber, a permaneot xnagnot 
positioned in said first magnetic flux path 
and produdng a first magnetic flnx diecem 
urging said valve member toward oaae of 115 
said first and second positions^ and second 
magnet means for sdectivdy producing a 
second magnetic flux in said second nmgnedc 
flxix path in opposition to said first magnetic 
flux for shifting said valve member to the 120 
other of said first and second positions. 

2. A valve as daimed in claim 1 in \?^iich 
an electromagnet is provided for sdectivdy 
producing the second flux, the dectro-magnet 
core having a portion forming said member 125 
of magnetic material extending transvexsdy 

to said first magnetic fiiix path at a location 
LDteCTiediat3e said first and secosd positions 
of said valve member. 
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3. A toItc as claimed in claim 2 wherein 
said portion of said electro-magnet core ex- 
tends into the body at a point adjacent tlie 
valve member and midway between the ends 
5 of the body for providing a low reluctance 
path for the magnetic flux erf said eleccro- 
inagnct. 

4> A valve as daimed in claim 3 in which 
the eleotro-magxiet is mounted on the body 

10 and includes a core of E-shaped cross-scctian 
having a central leg conslatuting said portion 
of the dectro-magnctic core md a pair of 
outer legs extending generally transverse tto 
the axis of the flow passageway and a coil 

15 positioned around the central leg of the core 
to one side of -die flow passageway, such 
than an electrical dmpulse, su|^ed to the 
coil, will induce the second nmgncdc flux 
which, togetJier with the first magnetic flux, 

20 will cause attracticm and repuMon of the 
valve member out of one of s^d positic»is 
and into tibe other of ssad positions, depend* 
ing on the polarity of raerglzation oi the 
co^. 

25 5. A valve as claimed in any of the pieoed- 
ing claims dn which portions of the body at 
the ooposite ends of the flow passageway are 
formed from magnetic material, the per- 
manent magnet providing the first magnetic 

30 flux for holding the valve member in eiflier 
of said positions against said body pordcsis* 
6. A valve as claimed in dalm 4 or 5 
wherein the central leg of the electro-magnet 



core extends across die flow passageway and 
has an aperture receiving the valve plunger. 35 

7. The valve as claamed in cJaim 4 or 5, 
wherein the central leg of the dectromagnet 
core is a screw secured in the body for hold-* 
ing the dectro-magnet tb^ceon* 

8. A valve as claimed in claim 1, in which 40 
detent means, formed of magnedc material, 

ii' positioned adjacent said second magnet 
means for rcleasably holding the same in 
the sdectcd position. 

9. A valve as daimed in any of dalms 45 
4 to 7 comprising an actuating ckcnic for die 
clectiD-magnct including a capacitor con- 
nected in series widi die dectKMnagnet coil 
9nd a switdi having a first posttion wheidn 

the capadtor is charged and a current impulse 50 
is pa^ed through ^ dectro-magtiet ccnl in 
one direction and a second position wherein 
'the capacitor is discharged and a curreot 
impulse is passed through the coil in the 
opposite direction* 55 

10. Valves ccmstiucted, arranged and adap- 
ted to operate substantially as hereinbefcM*e 
described and as illustrated in liie accompany- 
ing drawings. 

60 
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